Surgery injures both skin and deep tissue causing pain at rest and evoked pain with activities. In this study, we examined the extent of injury by incision and dorsal horn neuron (DHN) spontaneous activity (SA) in rats that underwent a sham operation, skin incision or skin plus deep tissue incision. Pain behaviors were measured 1 day later followed by DHN recordings in the same rats. On postoperative day (POD) 1, guarding pain, assessed with an abbreviated pain score, was increased in the skin plus deep tissue incision group (7.0 ± 0.7 vs. 0.1 ± 0.6 in control, P < 0.001), but not in the skin incision group (1.8 ± 1.0); yet, mechanical and heat hyperalgesia were similar in both incised groups. In the rats that underwent skin plus deep tissue incision, more DHNs expressed SA (78.1% vs. 35.7% in control, P < 0.01) and SA rate also tended to be greater (13.8 ± 2.9 vs. 5.6 ± 2.0 imp/s). Bupivacaine infiltration into the incision decreased SA in both skin incision and skin plus deep tissue incision (POD1) groups to the same level as in the sham-operated rats. In a separate group of rats that underwent skin plus deep tissue incision, guarding pain was not present (0.1 ± 0.6) on POD7 and the percentage and rate of DHN SA were the same as in the sham control. These data demonstrate that incised deep tissue rather than skin is critical for the development of guarding pain and increased SA of DHNs. Skin incision alone is sufficient for primary mechanical and heat hyperalgesia. Ó
Introduction
Allodynia, hyperalgesia, and sensitization in nociceptive pathways have generated considerable interest in pain research. However, perhaps the most powerful form of sensitization in postinjury states is spontaneous activity (SA) in nociceptive pathways, which produces unprovoked pain at rest. In postoperative patients, pain at rest or ongoing pain is a common complaint [7] . SA in the peripheral, spinal and supraspinal nociceptive pathways likely transmits this pain at rest after surgery.
In the plantar incision model for postoperative pain, unprovoked, guarding pain is evident [5] . This guarding pain is greatest immediately after incision and gradually decreases over the next 3-4 days. Also in this model, increased SA was identified in approximately 50% of dorsal horn neurons (DHNs) immediately and 1-2 h after incision. On average, the increase in ongoing activity was from 0 to 2 imp/s [21, 23, 30] . Surprisingly, when spinal DHN activity was examined 1 day after plantar incision, the SA was much greater. More than 50% of DHNs had an average activity of 20 imp/s [26] . Moreover, during DHN recordings, administration of local anesthetic to the incision site reversed the activity of DHNs to the control or sham-operated level, indicating that primary afferent input maintains the increased spinal neuron activity on the day of incision or on postoperative day (POD) 1. Recordings from primary afferent nociceptors were in agreement with these DHN studies. Sustained activation of nociceptors was not demonstrated immediately after incision [11] but high SA was present in nociceptors 1 day after incision [19] .
A discrepancy between behavioral results and neurophysiological data was evident. Guarding pain peaked hours after surgery and then gradually decreased on POD1 and thereafter; however, greater SA in both nociceptors and DHNs was present on POD1 compared with that 1-2 h after incision. There are several possibilities for this inconsistency. For instance, mechanical search strategies could bias nociceptor and DHN selection. Alternatively, perhaps there was a greater tendency to record from DHNs and nociceptors that had predominately or exclusively cutaneous input, respectively. In the present study, we hypothesized that skin incision had a minimal contribution to the development of guarding pain and SA in DHNs, whereas strong guarding pain and SA
